clear that the intrinsic resonance frequency fi is not changed by using any of the slot types. Fig. 4 shows the measured H-plane (x -z plane) radiation patterns with the dumb-bell slot at fi = 1.49GHz andf, = 1.94GHz, respectively. fi is the matching reso-
nance frequency of the rectangular patch with the dumb-bell slot on the ground plane. fi is the intrinsic resonance frequency of the rectangular patch without the dumb-bell slot on the ground plane, which was almost the same as the calculated resonance frequency 1.9GHz. These frequencies are used for PDC and PHS cell phone systems in Japan. 8 = 0" and fl = f180" is the z-direction, which is perpendicular to the rectangular patches. From these results, an almost omnidirectional radiation pattern with 5 dB gain variation was obtained at f i , and a bidirectional radiation pattern was obtained at fi. Therefore, the proposed microstrip antenna can realise an omnidirectional radiation pattern or a bidirectional radiation pattern simultaneously.
START L 400.000 000 HHZ STOP 2 000.000 000 HHz a START I 400.000 000 HHI STOP P 000.000 000 WIZ b START 1 400.000 000 HHL STOP P 000.000 000 HHZ Conclusion: This Letter has described the experimental results for a proposed new microstrip antenna, which has a back-to-back configuration relative to a slot on a ground plane. An omnidirectional radiation pattern or a bidirectional radiation pattern are realised by using the proposed antenna configuration.
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Electronics Letters Online No: 19980998 H. Iwasaki (Wireless Communications Technology Center, Toshiba Corporation, Hino, Tokyo, Japan) One possible solution to avoid the radar searching blindness is to equip planar retrodirective array reflectors on the body surfaces of a vehicle [4] . A retrodirective antenna array possesses the advantage that the reradiation field from all the elements of an array has a coherent phase in the arrival direction of the incident wave, thus yielding a broad back-scattering field pattern. In this Letter, we describe a passive planar Van Atta retrodirective array using dual-slot antennas (see Fig. 1 ). The Van Atta type array [5] , where the antennas are located and paired symmetrically, is a commonly used retrodirective array. Since the microstrip lines linking the slot antenna are hidden behind the ground plane, the spurious radiation from these lines can be reduced to a minimum. Furthermore, use of an antenna with two slots can increase the antenna gain, thus raising the level of the reradiation field.
Retrodirective reflector configuration: Fig. la illustrates the geometry of a dual-slot antenna, which is formed by cascading two slots via a connecting microstrip line. Owing to the characteristic of the slot antenna that half of the power radiates backwards, a metal plate is placed behind the antenna to enhance the forward radiating power. The two slots are chosen to have the same dimensions and the length 1, of the connecting microstrip line is designed as one guided wavelength L,,,, so that the antenna possesses broadside and symmetric radiation. A Van Atta retrodirective antenna subarray containing six dual-slot antennas (1 x 6) is shown in Fig. lb , where the antennas located symmetrically with respect to the array centre are paired by microstrip lines of lengths I,, l2 and 13. To obtain a coherent array phase in the wave-arrival direction, the microstrip line lengths I,, l2 and l3 should either be the same, or have differences which are multiples of 1L, [5] .
The total back-scattering field from the array is mainly composed of two parts: the reradiation field from the antenna pairs (i.e. the field received by one antenna and reradiated by the other antenna in the same pair), and the scattering field from the finite substrate-loaded ground plane. Applying the method of moments together with a mixed potential integral equation (MPIE), the induced magnetic currents on the slots and the excited modal amplitude of the quasi-TEM mode in the microstrip line are obtained [6] , from which the reradiation field is accessible. To simulate the scattering field of the ground plane, physical optics (PO) and the method of equivalent currents (MEC) are used [7] .
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Fig. 2 Measured and calculated frequency responses of dual-slot antenna
Results: A single dual-slot antenna was designed and measured. Fig. 2 shows the calculated and measured frequency responses of the return loss. (The structure parameters are listed in the captions.) The measured retum loss is 21.2dB at the centre frequency of lOGHz which is 2% off the calculated one (9.8GHz).
The retrodirective array reflector was constructed by combining four identical sub-arrays (each as shown in Fig. lb in the H-plane with a distance of 25.5" (= 0.85 free-space wavelength (5)).
The spacing between antennas in a sub-array was 18" (= 0.6 h). This 4 x 6 array reflector measured a size of 127 x 120mm2.
The 50Q microstrip lines connecting the antenna pairs were designed to be with lengths of lI = 37.493mm, l2 = l1 + 2 L,,, = The measured and calculated E-plane back-scattering patterns of the 4 x 6 retrodirective array reflector at lOGHz are shown in Fig. 3 . The patterns are normalised to the maximum value (at Oo) of the back-scattering field from a metal plate of the same size as the reflector. For reference, the calculated reradiation-field pattern is also shown. Basically, this pattern is the square of the radiation pattern of a dual-slot antenna [4] . The main lobe (at 0') of the total-field pattem is due to the high scattering field from the ground plane near the normal direction. Outside the main lobe, the variations in the total-field pattern eventually follow those of the reradiation-field pattern. The small ripples come from the interference of the ground-plane scattering field. These results indicate that the reradiation field dominates the total back-scattering field outside the main lobe region, thus enhancing the beamwidth of detection. As can be seen, the experimental measurements are very close to the predicted values.
Conclusion: In this Letter, a Van Atta retrodirective array reflector, using dual-slot antennas fix operation at lOGHz, has been designed and demonstrated experimentally. The method of moments together with an MP1.E and the PO method coupled with MEC were used to analyse the structure. The theoretical results agreed quite well with the experimental measurements. Introduction: Modelling the flow of electric current through the surface membrane of neurons has proved to be a classic problem.
In Circuit derivation: Hodgkin and Huxley consider a finite area portion of nerve axon membrane. Current can be carried either by charging the membrane capacity or by movement of ions (ionic current) through the time-variant conductances. The ionic current is divided into components carried by sodium and potassium ions (INe and I,, respectively) and also a small leakage current (I,) made up of chloride and other ions.
(1)
where V is the displacement of the membrane potential from its resting value (depolarisation negative). Fig. 1 illustrates the corresponding electrical circuit proposed originally by HH.
The leakage current IL is given by
where V, and g are empirically determined. The potassium conductance g, is given by
dt where g K is a fied-value conductance, a,, and are voltage dependent rate constants of dimension [s]-I and n is a dimensionless state-variable representing 'potassium activation'.
In [4] it was shown that the dynamic behaviour of the circuit illustrated in Fig. 2a , comprising an npn base junction transistor (BJT) and an emitter connected (linear) grounded capacitor, can be described by means of a Bernoulli differential equation. This circuit was termed a 'Bemoulli cell' (BC) and when logarithmically driven, as in Fig. 2b , it can be shown that it realises the following differential equation: CVTW~ + I u i w l = I I N~ (4) with w1 = IINI/Ic and C being the value of the capacitor. A simple manipulation of eqn. 3 gives
(5) A direct comparison reveals that eqn. 5 has the form of eqn. 4 when n is analogous to the dimensionless ratio of currents w,, and when CVfln, and Cvr(pn + q) correspond to IIN, and Iu,, respectively. Hence, the currents IINl and Iul can be viewed as being driven by time-invariant, voltage dependant, nonlinear current sources. The output current I,,,, = Zowl (see Fig. 2c ) 'senses' the wI variable via a translinear loop [5] . The potassium ionic current can thus be generated by means of a time invariant nonlinear current source, which is controlled by a ratio of currents, wI, and the membrane potential displacement V. Similar thoughts also apply to the sodium conductance (gNa = gam3h). The dynamic behaviour of its state variables can be described by the following pair of differential equations:
Eqns. 6 and 7 can be realised using two logarithmically-driven BCs of the form shown in Fig. 2b and c and incorporating appropriate nonlinear current sources as was performed for the potassium conductance.
